and low-output syndrome. 8, 9 The avoidance of CPB use may also theoretically provide beneficial effects on perioperative renal function by preserving pulsatility, and by preventing the adverse side effects of CPB. To date, however, it is less well known whether CABG without CPB attenuates perioperative renal dysfunction 10, 11 and so we conducted a retrospective study to evaluate the influences of this technique on clinical outcome and renal function in patients undergoing CABG.
Methods

Study Group
Fifty-two patients undergoing CABG without CPB (OPCAB group) at Kurume University from January 1997 to February 2002 were enrolled in the present study. Patients who required dialysis preoperatively were excluded. The patients were then matched on preoperative renal function (serum creatinine level and creatinine clearance) and prognostic variables (age, gender, left ventricular ejection fraction, Canadian Cardiovascular Society functional class, urgency, body mass index, diabetes mellitus, and history of myocardial infarction) to 53 patients undergoing conventional CABG during this period (CABG group). In general, patients with preexisting renal insufficiency are more likely to undergo OPCAB rather than conventional CABG. Because the patient selection for the CABG group in this study was based on renal function of the OPCAB group, renal function in both groups was more impaired than in routine CABG patients. during distal anastomosis was performed using the Octopus stabilizing system (Medtronic Inc, Minneapolis, MN, USA). Silicon suture applied proximally and distally to the site selected for the anastomosis and a surgical blowerhumidifier (Visu-Flow, Research Medical, Midvale, UT, USA) were used for visualization of the surgical field. Patients in the OPCAB group received heparin sodium (150 IU/kg) before the anastomosis and the celite-activated clotting time (ACT) was maintained at more than 300 s.
In the CABG group, CPB was established with an ascending aortic cannula and a single 2-stage right atrial cannula. Before CPB was initiated, heparin sodium was administered at an initial dose of 300 IU/kg. Additional heparin was administered if the ACT became less than 500 s. During CPB, the hematocrit was maintained between 18% and 25%, perfusion flows were kept between 2.2 and 2.8 L· min -1 · m -2 , and mean arterial pressure was maintained between 50 and 70 mmHg. Systemic temperature was maintained between 30 and 34°C. During aortic crossclamping, the myocardium was protected with intermittent cold blood cardioplegia. Heparin was neutralized by continuous intravenous administration of protamine sulfate over a 5-min period.
In both groups, a minimal dose of catecholamines was used to maintain a cardiac index of greater than 2.0 L·min -1 · m -2 and systolic blood pressure of greater than 80 mmHg after surgery. Intravenous diltiazem and nitroglycerin were administered routinely in the intensive care unit (ICU).
Renal Function
Blood and urine specimens for the measurements of serum and urinary levels of creatinine, osmolality, sodium and potassium were obtained before the operation and 1, 2, 3, and 7 days after operation. Creatinine clearance (Ccr), osmolar clearance (Cosm) and free water clearance (CH 2 O) were calculated by standard formulas. Fractional sodium excretion (%NaExc) and fractional potassium excretion (%KExc) in percent were calculated as described previously. 12 The reference ranges of serum creatinine and creatinine clearance in our laboratory were 0.4-1.1 mg/dl and 80-120 ml·min -1 ·1.48 m -2 , respectively.
Definition of Morbidity and Mortality
Mortality was defined as death during hospitalization for surgery, regardless of length of stay, or within 30 days of hospital discharge. A diagnosis of postoperative low output syndrome (LOS) was made if a patient required either intra-aortic balloon pump or dopamine support of greater than 5 g · kg -1 · min -1 for more than 24 h in the ICU to maintain a systolic blood pressure greater than 80 mmHg and a cardiac index greater than 2.1 L·min -1 ·m -2 , despite an adequate preload and correction of any electrolyte disorders. Perioperative myocardial infarction was defined as the appearance of new Q waves or ischemic ST segment and T wave changes with a concomitant rise in the MB isoenzyme of creatine kinase above 50 IU/L. Prolonged ventilation was defined as a need for mechanical ventilatory support for 2 or more total days. Cerebrovascular accident was defined as focal brain lesion confirmed by clinical findings and/or computed tomographic scan. Infection was determined as an occurrence of either culture-proven pneumonia, mediastinitis, wound infection, or sepsis. Postoperative renal failure was defined as either a requirement of hemodialysis to support renal function, an increase in serum creatinine greater than 1.5 mg/dl postoperatively, or an occurrence of oliguria (<0.5 ml·kg -1 ·min -1 ) for more than 6 h. Hemodialysis during CPB was not considered as an occurrence of renal failure.
Statistical Analysis
Statistical 
Results
Clinical and surgical data for the 2 patient groups are shown in Table 1 . The number of distal anastomosis and duration of myocardial ischemia were significantly less in the OPCAB group. The proportion of the patients with peripheral vascular disease was significantly greater in the OPCAB group. All other variables were adequately matched between the groups. Preoperative renal function parameters also were comparable. No significant differences were found in total requirements of intravenous catecholamines (OPCAB group, 4.8±0.6 mg/kg; CABG group, 5.0±0.7 mg/kg; p=0.23), diltiazem (OPCAB group, 0.43±0.02 mg/kg; CABG group, 0.43±0.02 mg/kg; p=0.99), nitroglycerin (OPCAB group, 0.56±0.08 mg/kg; CABG group, 0.59±0.07 mg/kg; p=0.29) and furosemide (OPCAB group, 2.7±0.6 mg/kg; CABG group, 2.0±0.8 mg/kg; p= 0.72) during the first 48 h after CPB.
Renal Function
Perioperative renal function parameters are shown in Fig 1; there was no significant difference. The mean increase in serum creatinine level was 0.16±0.05 mg/dl in the OPCAB group, and 0.56±0.13 mg/dl in the control group (p=0.01) postoperatively. Serum creatinine levels were significantly less and the Ccr values were significantly greater in the OPCAB group than those in the CABG group postoperatively. There were no significant differences in the Cosm and %Naexc between the groups at any time. The CH2O values decreased similarly in both group; however, the recovery was more prompt in the OPCAB group. The %Kexc increased significantly 1 day after operation in both group; however, the level was significantly greater in the CABG group.
Clinical Outcome
Clinical outcomes of the 2 groups are shown in Table 2 . Six patients (2 in the OPCAB group and 4 in the CABG group) required hemodialysis postoperatively. Four patients (2 in the OPCAB group and 2 in the CABG group) had preoperative creatinine levels greater than 2.0 mg/dl. No significant differences were found in the prevalence of postoperative complications and operative death. However, total morbidity, which included hospital death, LOS, perioperative myocardial infarction, hemorrhage requiring re-exploration, prolonged ventilation, cerebrovascular accident, infection and postoperative renal failure, was significantly higher in the CABG group (38% vs 15%; p=0.01). The duration of ICU stay and mechanical ventilation were significantly shorter and the incidence of perioperative blood transfusion and the peak levels of MB isoenzyme of creatine kinase (CK-MB) were also significantly less in the OPCAB group.
Discussion
The use of CPB is believed to be injurious to renal function in cardiac surgical patients and although the injury is transient in the majority of patients, it occasionally results in renal failure requiring dialysis, particularly in patients with preexisting renal impairment. 3, 11, 13, 14 Acute renal failure after CPB is most commonly characterized by a severe decrease in the glomerular filtration rate, and less commonly by renal excretory failure. 15 In the present study, perioperative renal function was assessed by renal clearances, including creatinine, to detect an alteration in the glomerular filtration rate, and by renal excretion to estimate tubular function. Moreover, because postoperative renal dysfunction may be transient and not have clinical significance at a late stage of hospitalization, 13, 14 renal function was assessed up until the seventh postoperative day.
In the present study, marked increases in the creatinine clearance values were found early after operation in both groups, which is in accordance with previous studies 14, 16 in which renal function was evaluated in patients undergoing CPB. This improvement, the so-called 'renal functional reserve', may be related to perioperative use of low-dose dopamine, which induces receptor-mediated renal vasodilation. 17 Hemodilution and volume repletion during operation may also explain the results. Despite the increases in glomerular filtration rate in both groups, the serum creatinine level increased significantly in the CABG group, but remained constant in the OPCAB group. The creatinine clearance values increased in both groups postoperatively; nevertheless, the increase was significantly less in patients on CPB. This insufficient improvement of glomerular filtration may lead to the sustained increase in the serum creatinine levels after CPB. Although it may be partially explained by dehydration, the delayed recovery of free water clearance in patients undergoing CPB also supports this.
Release of toxic substances because of proinflammatory reaction and hemolysis during CPB may also adversely affect renal tubular function. Blauhat et al reported an increase of fractional sodium excretion during the late intraoperative and early postoperative stages, 18 which might reflect incipient renal tubular failure, but they also demonstrated that tubular dysfunction was unremarkable 24 h after the operation. In agreement with their results, we also found that the fractional sodium excretion increased similarly in both groups during the first postoperative day and returned to the preoperative value by 2 days after operation. The result, as other investigators have suggested, 18, 19 might reflect a transient reduction of sodium reabsorption caused by renal tubular insufficiency. Marked increases in the fractional potassium excretion early after operation were also found in both groups; however, the increase was significantly greater in the CABG group, presumably because of potassium overload during cardioplegia in this group rather than tubular insufficiency. Perioperative patient care, including preload maintenance by fluid administration, followed a standard protocol in the present study; however, renal excretion is very likely to be influenced by electrolyte infusion. The present results thus may not have directly reflected renal tubular function. To detect a subtle alteration of tubular function, as suggested by Bernard et al 20 , a more sensitive marker, such as urinary concentrations of retinol binding protein and N-acetyl--glucosamine, should be used. Therefore further investigations are required to assert our conclusions regarding tubular function.
With regard to the clinical outcomes, the OPCAB group had a significantly shorter duration of ICU stay and mechanical ventilation, and less CK-MB release compared with the CABG group. The technique also reduced the incidence of blood transfusion. These results are in keeping with those from a previous multicenter trial in which early clinical outcomes were compared between off-pump and on-pump CABG in a randomized fashion. 7 Although the OPCAB technique is not indicated in all patients requiring surgical revascularization, for selected patients there is earlier recovery and less myocardial damage with this method. In the present study, similar to a previous one, 7 the prevalence of postoperative renal failure, defined as either requiring hemodialysis, an increase in serum creatinine, or an occurrence of oliguria, did not differ between the groups. We previously reported that peripheral vascular disease was the most important predictor of acute renal failure after CABG, 3 and because the OPCAB group included significantly more patients with this comorbidity, the imbalance may substantially influence the result. Moreover, because the number of patients involved in this study was relatively small, further data are required to detect a difference in such a low-incidence event. In a recent report, Ascione et al demonstrated that the use of CPB was an independent predictor of postoperative acute renal failure in patients with nondialysis-dependent renal insufficiency who underwent CABG with or without CPB. 11 The proportion of the patients with preexisting renal insufficiency (creatinine >2.0 mg/dl or creatinine clearance <20 ml/min) in their study was relatively higher than that in routine CABG patients, yet it was only 22% of our patients. We therefore believe that the patients with this comorbidity may benefit most from avoiding CPB. Further prospective randomized studies involving more patients with impaired renal function are mandatory.
In summary, the OPCAB technique preserved the glomerular filtration rate and prevented an increase in creatinine concentration during the early postoperative period. The technique also resulted in shorter ICU stay and intubation time, and less CK-MB release and requirement for transfusion. The results suggested that OPCAB ensures an earlier patient recovery and gives superior renal protection than conventional CABG.
